The statistical treatment of resonating covalent bonds in metals, previously applied to hypoelectronic metals, is extended to hyperelectronic metals and to metals with two kinds of bonds. The theory leads to half-integral values of the valence for hyperelectronic metallic elements.
A theory of resonating covalent bonds in metals, developed over the period [1938] [1939] [1940] [1941] [1942] [1943] [1944] [1945] [1946] [1947] [1948] [1949] [1950] [1951] [1952] [1953] (1) (2) (3) , was recently refined by the formulation of a statistical treatment for hypoelectronic metals (4) . We have now extended the statistical treatment to include hyperelectronic metals. This extension has resulted not only in the evaluation of the number of resonance structures for these metals but also in the determination for them of the values of the metallic valence, which have been somewhat uncertain.
In the discussion of hypoelectronic metals in ref. 4 
Here the broken circle represents the metallic orbital. It is evident that the calculation of the number of resonating structures must be made in a different way from that for hypoelectronic metals, because M+ and M-form the same number of bonds and are therefore classed together in the calculation of the number of ways of distributing the bonds. We consider first the valence v of a hyperelectronic metal whose neutral atoms form z bonds and whose ions M+ and M-form z + 1 bonds. For any atom, with average valence v, the number of structures, b, having n bonds, is, by the assumption used previously (4), proportional to the probability given by the binomial distribution:
Here w', the proportionality constant, is the total number of structures per atom without constraint as to the number of bonds (in the range 0 to L).
To evaluate the valence, we represent the fractions of M+, M°, and M-by y, x, and y, respectively. The ratio of the number of neutral atoms (MO) to ions (M+ and M-) is then
v(L-Z) [3] In addition, we have the following constraints: max(n.Lj) 5( -i Ll-
For a hyperelectronic metal with two different bond lengths the equation is the same as Eq. 9 except that the sum over n is for only n = v -1/2 and n = v + 1/2 and there is an extra factor 21/2 in the expression for C.
When v1/LL, = v2/L2 = v/L Eq. 9a reduces to Eq. 1 and the hyperelectronic counterpart of Eq. 9a reduces to Eq. 8 and there is an extra factor 21/2 in the expression for C.
The amount of resonance energy for a metal or intermetallic compound is determined by the number of resonance structures. The resonance energy affects the covalent radius, the stability (as evidenced by the resistance of the noble metals to chemical attack), and other properties, in ways that we hope to discuss later.
